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SEISMIC PROSPECTING OF THE ANTARCTIC ICEBERG 
AND FAST ICE NEAR THE SYOWA BASE 
Sadanori MURA UCHI*, Tetsuo TA TEISHI** and Tosimatu MA TUMOTO*** 
Abstract 
An iceberg and fast ice were studied by the 
seismic method during the period from Feb. 8 
to Feb. 11, 1957 in the neighbourhood of 
Syowa Base, the Japanese Antarctic base for 
IG Y, the locality of which is 69°00'8 in latitude 
and 39° 36'E in longitude. This work was one 
of the preliminary studies for seismic investi­
gation of the Antarctic continental ice sheet, 
which is scheduled to be carried out in the 
coming 1957/8 expedition. 
Equipment Seismic equipment used was 
ETL M-3 24 trace seismic reflection apparatus, 
the frequency of the geophones being 20 cps. 
For seismic work, we prepared TNT explosives 
in 100g, 200 g, 300 g, 500 g and 1000 g sticks and 
three kinds of ice-drills, (one a hand auger and 
the other two ice-drills with 3 IP and 4. 5 IP 
gasoline engine respectively). 
For the purpose of the traverse seismic work 
in the 1957/8 expedition, two sledges with a 
cabin were prepared, in which we were able 
to continue seismic work even in blizzards. 
The sledge with a cabin was made of plastic 
and its cabin was 4 m long, 1.5 m wide. 
Seismic prospecting of an iceberg There 
were many icebergs trapped in fast ice near our 
base but almost all icebergs were surrounded 
by cliffs and therefore we could not mount 
seismic equipment on them. The iceberg which 
we could survey was situated at a distance of 
17km from the west coast of West Ongul Island, 
and had two gentle slopes along the principal 
wind direction, one on the windward and the 
other ·on the lee. These slopes were formed by 
snow drift. The dimensions of the iceberg 
were about 300 m X 150 m and 15 m high above 
the surface of the fast ice. 
12 geophones were placed at intervals of 20 m 
along a straight line on the iceberg and four 
shot holes were bored on the same line. The 
charges were sticks of TNT weighing from 
300 g to 2200 g, placed in 76 mm diameter holes 
in the ice four meters deep with ice tamped 
over them. 
Travel time curve Several travel time 
curves such as shown in Fig. 3 were obtained. 
Main phases and some descriptions are shown 
as follows. 
Interpretation of travel time curves 
( 1) V1 is the velocity of the P-wave travel­
ling in the shallow layer of the iceberg. 
( 2 ) V 2 is the velocity of the P-wave travel­
ling in the iceberg. We can calculate the 
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It is detected between V1 and V c phases, is composed of several waves and develops at far distance in comparison with the other phases. The most obvious phase having two or three waves periods O. 015-0. 018 sec. 
R It can be slightly detected by the geophones placed near the shot hole and can't be detected at a distance of more than 100 m, because it it disturbed by V2 and Vcphascs. 
Critical distance 60 m 90 m 
Thickness of Vi-layer 10. 6 m 15.9 m ( 3) If we assume that the velocity of the P-wave travelling in the shallow layer increases gradually from 2800 mis and approaches 3600 mis asymptotically, we can get the velocity distribution as shown in Fig. 4. As it is considered that the iceberg was separated from the continental ice sheet, the velocity distribution curve of this iceberg is compared with that of the continental ice sheet, as shown in Fig. 4. It is found that there is not such a low velocity layer as seen in the c.ontinental ice sheet in Greenland and Terre Adelie. This difference between the iceberg and the continental ice sheet must be worthwhile to be noted. ( 4 ) It was not ascertained whether Va­wave is S-wave corresponding to V2-wave or. not. ( 5 ) V 3-w A VE This 1s considered to be Rayleigh wave. ( 6 ) R-w A VE This is considered to be a reflection wave from the sea bottom. If we calculate several travel time curves correspond­ing to some reasonable model structures of the iceberg's [thickness and sea depth, that most suitable figure will be that the iceberg was about 100 m thick and the distance between the bottom of the iceberg and sea bottom was about 20 m. In this calculation, we assumed 
that the velocity of the longitudinal wave travelling in the iceberg and sea water was 3600 mis and 1440 m/s, respectively. 
Seismic work on the fast ice The line of survey on the fast ice was set in such a way as shown in Fig. 2 since the thickness of the fast ice was 240 cm, and the explosives, 100-1000 g TNT sticks were used in the sea water at depths of 1-12 m. During the period of this study, the heighest and lowest temperatures were+0.6°C. and -9.0°C., respectively. 
Travel time curve and its interpretation As the first arrivals, we can find two clear phases having a velocity of 2150 mis and 4300 mis respectively. And there was a later phase having a velocity of 1440 mis. Many reflected waves were observed but it was rather difficult to analyse them, because they were disturbed by multi-reflections and bubble-effect. The velocity of the P-wave travelling in the fast ice is 2150 m/s and its velocity travelling m the sea bottom layer is 4300 mis. The longitudinal velocity travelling m the fast ice is generally from 2400 to 2910 ml s in the Arctic Ocean. Here in the Antarctic, the longitudinal Yelocity is 2150 mis, which value is considerably slower than the Arctic ones. However, J. Oliver and others3) reported that they obtained the same value, 2150 mis, in Arctic pack ice in the summer. According to their opinion, this slow velocity is attributed to the condition of the ice in the summer 
42 
when it seems likely that melt water permeates From the reflection wave we could estimate 
a considerable fraction of the total thickness. that the sea depth was about 110 m, or so. 
1. � 
1957 � 2 ff 8 B-/J� G 11 Bi '1:.0) 4 B Fsi, � 1 tX1¥fffiUtJllJ��t0)£f!J!t�-gq=i�:::BN5¥o£f-fu1,NfO) 
}kJ1J,&cf5Errif}k0)�'/":1:t&:�:11t2:"fi 5 ;tl�t:::cY:> <·int-:. ;:. O)iUltJ!IJ�i, 1958 �O) *UtJ!IJO)�fi 
5 r5EO) A.r.f!J!��= J:: 0 -*�i}j(O)wa]:11t�= --:::>v ,--c 0)£JiM�# 2:'1i0;:. t 2:' ±§EB t t" 0 t 0)-r:_ cft> 
--:::>t-:. 
1iJl'3 l t-:iH-r�i, 1¥fffiUtJ!IJO) t-: cY:>tt�=R�Acft> 0 v 'Lt�1"r l t-: t 0)-r:_ cft> 0. 
f!J!Jt���vi, E.T. L. t±�O) M-3 � 24 JJx.5}-0) t 0) '1:. cft> 0. �-��i, IP] t < E. T. L. 
1±�0)7-it1 :7;1,,, 20 -it1 :7;1,,, 85 -it1 :7;1, 0)3fl@O)t0)2:'Jf'3:'f:l, �@Hi 20 -it1 :7;1,, 
0) t 0) ts.: vt 2:'1im Lt-:. 
:k�vi1*L1¥-1t.r. K. K. �O) T. N. T. x�-r:., �:!lvi 100 gr, 200 gr, 300 gr, 500 gr, 1 kg 
0)5::fl@J:: IJtJ:IJ, -{-0)%�iP3foitic-r:., lOOgr O)?tiO)O)f�J?Hi 25mm, -{-O){tl!a45mm t 
L, 71 ;z • F 1) Jt,,O) l:::0 ·;1 � O)IT{H_I 76 mm �:::jli?it" 0 J:: 5 v:: l t-:. �:)(�v:=vi, v'-fn t i''1 
IJ rvf 0 J:: 5 v::�*11:-/J�l!M l --C cft> IJ, *� 2:'3€ul�.JU:::tijjA t" 0 0) 2:'�� tJ: G l cY:> 0 .r..x-/J�H t';:. 
� n --c cft> 0. ��vi 8 -%1[A��2:'1im Lt-:. 
}J(q=i v:::x� 2:"tijj�t" 0 t-:cY:>O)J"tfilHL 2:'ffil 0 7 1 ::z. • r 1J )!,,vi, v ,-f n t tlJtN¥ - 1J :,,, :7--� -r:. 
ti$ 1:B t, 4. 5 ,W, t, 0) :Ji 'J 1J :,,, .:r. :,,, :,:: :,,, ft 0) 100 m 1"P .JL -aJ'ffg tJ: t 0) 1 El', 3 .W, jJ 0) :Ji 'J 1) :,,, .:r. 
:,,,:,:::,,,ft 10m 1"P.JL-aJ'ffgtJ:tO) 1 
El',-=¥-� l :it (6 m 1"P.JL -aJ'ffg) 1 El', 
H 3 El' 2:' Jfl:'f: l t-:. �11* � tJ: 7 1 
::z. • r 1J Jl,,vi�@Jvi1iJ1'3-tt--f, /Htl 
:: :,,, 11 / Htl r 1J ;1,, t , -=¥-� l :ct t � 
t:::, coring 0)7Jit--C1t-JL l t-:iJ"', 
iJJ � 4 m O)fr-JU:::, f-9 l !f¥Fsi 2:'� 
Lt-:. r 1J ;1,,0)flviHiJ � 0) tm <, 
76 mm -r:. cft> 0. 
�' -*�i)j(J:O)WGJJ!t:ME1T2:' El EB t 
� 1 � J£;'g ;}JC!:: 0) W\!iW]ffl n 7·' - 7.. (1957 � 2 � 9 B) 
Fig. 1. Cabooses for seismic work, on the fast ice 
(Feb. 9, 1957). 
!'Jo. 5. 1958] (259) 43 
Lt, m 1 � vs:� -ttm 2', ,J,�1t�, (iffif}r, JJ f- .:;z) 2:'.' 2 "E5' ffl� Lt-:. 1 "E5'vi1"P}Lffl, 1t!HHt!! 
10&'.�VJl!Jfflc, *��v=�\.., 'C �) �J�'tfaHJU:: cfJi::tr.t t, .:;- .:;z r 2:'.' 7'.7)ifdt1iffl L f_:. ��:Mrf3, 
i:p 7,· 1J -lf - rt cb--:::>t-: hi, 1iiJ G st�f tJ: < n 7· - .:;z 0) i:p ciUJllJ 2:'.' fi 5 .::. c. il\c 2' t-:. n 7·· -.:;z 0) 
.7(2'�vi:et2' 4m, �1� (vF:J::) 1.5m, rfJ 1.5m c, ;;$:EB1xJJf K.K. *�!tS:tJ:0ii-!Jtt!Hll 
�O)tO)ccb0. 
�.� 2:'.' fi0t-:1J<.w vi8?:?f1 �:tt!!5n 15 km vs: 1:v.llil L, j( 2' 2' vi:et 2' t'g 300 m, �1 150 m, rt 
7j(J: O)�� O.fiJ:71<.rnfJ::vs:m!vt"lqJt) � 15m c,. J€mf7J<.vs:c. t.::.iY)Gncv'0il1, r.fiJ:1J<.i:pv-: 
;$ v ' -C \.., ' 0 t 0) � &>--:::> t-:. 
tt1JllJ1Jl!JfivVJ<.ilrO):efiMJvU&v'-iJHlJ::vs: c. vJ, ���vi 20 m rf3i�;v-: 12 rmtJ: G-"'-t-:. 7J<.w 
O)f%I � t, �£51:;fff t, 1J<..Ifn[j:i}vs:v:t1Jl1Jtt1: c:·.::. t -;tic.� ;t  J: � -l 5 tJ:O) -c, :tt!!���v= 
�0--c, �Blf5ifvi-£t>trnc L th) G�lfJ-ttf, �n1Jt,#, 2:'.'�lb-t 0 n1t2::" c. 0--r1t*�r13i0)®� 
2:'.'viil)--:::>t-:. ���vs:Jt L �1J/Jt#,i71j�Jlf�f vJ O)tfr§-2:'.' /1[1UJl!Jrtil, -t O)�O)Wi-§-2:'.'�tJllJrl c. tJ T!lf 




q·._ __ ___.y ICm. 
AA : 1i:'. � 1 JU: 0) rJliJ t� P : )J<.. rJJ 0) (.i'L lili: 
51� 2 � Wt jJ![J :tll!, /f, 
3 40'E 
Fig. 2. AA shows seismometer spread on the pack ice. 
P shows the position of the surveyed iceberg. 
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Fig. 5. Travel-time curves for the fast ice and geophysically estimated profile. 
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Fig. 6 (A) . Seismic records on the fast ice, with no suppression. 
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Fig. 6 (B). Record with suppression, at the same shot-point using the same amount of explosive and 
depth of charge with the record in Fig. 6 (A) .  
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